The bacteriology of fish spoilage, the subject of a voluminous literature, has been reviewed by Griffiths (1937) and Shewan (1961) . Most of the work reported has largely been concerned with the enumeration and partial identification of the bacteria found on fresh and spoiling fish. Results of standard biochemical tests on the cultures obtained served as a basis for inferences regarding the role of particular genera in spoilage. For example, organisms from spoiling fish, which could grow at low temperatures and exhibited proteolytic activity, were assumed to be responsible for spoilage (Shewan, Hobbs, and Hodgkiss, 1960) . Since members of the Achromobacter and Pseudomonas groups predominated during advanced spoilage, it was concluded that these groups cause spoilage. However, it was not known whether all members of these groups are equally active in spoilage or whether other groups found on fish also participate in it.
Those who attempted to study spoilage under "natural" conditions encountered difficulties. Most of the work was on whole fish, which consists of several different kinds of tissues. The contaminating flora of freshly caught fish fluctuated widely in kinds and numbers depending on size, location of fishing grounds, and season, thus producing varying patterns of spoilage, even within one species (Shewan, 1961) . Under these conditions, the assessment of the role of any one bacterial group in spoilage was understandably difficult. Furthermore, the initial contaminating flora of fish prevented an accurate interpretation of the results obtained after the controlled introduction of specific bacteria. The first attempts at a different approach consisted in observing the effects of pure bacterial cultures Qp. heat-sterilized fish media (Hunter, 1922; Kimata, 1935) .
Next, odor production by Pseudomonas, Flavobacterium, and Achromobacter was studied on sterile raw fish muscle (Castell and Mapplebeck, 1952; Castell, Greenough, and Jenkin, 1957; Castell, Greenough, and Dale, 1959; (Anderson and Fellers, 1949 (Parophrys vetulus) were used in all other experiments. They were purchased from local processors and were ordinarily 10 to 12 hr out of the water when received. Signs of spoilage could not be detected sensorily or chemically (Farber and Lerke, 1961) in this raw material. The press juice was passed through a Super Cel prefilter pad and a double thickness of Whatman no. 40 filter paper on a Buchner funnel. A moderate dilution of the press juice did not affect its spoilage and greatly speeded up Seitz filtration. Accordingly, the following procedure was adopted. The Buchner filtrate was diluted with an equal volume of cold 0.8 % NaCl solution and set aside at 0 C. A Seitz filter pad was prepared by filtering a suspension of Super Cel filter aid in a volume of saline equal to that of the diluted press juice. The diluted juice was then passed through this prepared filter in a cold room at 0 C. The resulting 1:4 dilution of the press juice was then aseptically transferred in 9-ml amounts into screw-capped tubes and stored at 0 C. It was stable for at least 3 weeks under these conditions. Sterile fish muscle. Live Petrale sole were frozen in solid CO2 on board a fishing vessel immediately after removal from the trawl and kept frozen until brought to the laboratory. The fish were thawed and scrubbed with a brush and detergent solution. After searing an area of skin with a hot metal plate, pieces of exposed muscle were aseptically cut out and placed in sterile wide-mouth 8-oz. screwcapped jars.
patterns of fillets and of press juice, wax paper-wrapped packages were prepared, each containing four fillets, and stored at 5.5 C. At the same time, an unfiltered press juice from the same lot of fillets was diluted 1:4 with saline and poured to a depth of about 2 cm into an Erlenmeyer flask. The flask was then covered with an inverted beaker and stored at the same temperature. Samples of fillets and press juice were periodically removed and examined organoleptically, chemically, and bacteriologically.
Chemical analysis. The contents of volatile reducing substances (VRS) and of trimethylamine (TMA) were used to measure spoilage (Farber and Ferro, 1956 ). The VRS apparatus has been modified (Farber, 1963) . The modification will be described in a separate publication. The extent of reduction in a 1-ml sample of the alkaline KMnO4 solution was determined by measuring the optical density at 610 m,t in a Weston colorimneter. The corresponding microequivalents of reduction per 5 ml of press juice were obtained from a standard curve.
Bacteriological analysis. At each sampling of fillets and press juice, total aerobic plate counts were made on Tryptone-glucose or Penassay agar (Farber and Lerke, 1961 
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sensorily, both for the fillets and their press juice. The somewhat slower spoilage of the latter could be attributed to the dilution of the nutrients. The similarity of the twO spoilage patterns is even more apparent in Fig. 1 in which the average values of the three spoilage indicators from two spoilage runs are plotted against storage time in days at 5.5 C. The greatest effect of the dilution of the press juice was on the production of TMA; the fourfold decrease in the concentration of the probable precursor, trimethylamine oxide, resulted in a definite decrease in the final amount of TMA.
The incidence of various groups of bacteria in the two media during spoilage is shown in Fig. 4 and 5. Apart from the somewhat different initial levels of the bacterial groups in the fillets and in the press juice, their behavior during spoilage was markedly similar. In both cases, the proportion of Flavobacterium and Micrococcus markedly decreased by the third day of storage, and the percentage of Achromobacter remained fairly constant throughout the runs. 
SPOILAGE IN FISH MUSCLE PRESS JUICE
Coryneforms were detected only on fillets; their small lumber probably explains why they were not detectable in the diluted press juice. In both substrates, motile, gram-negative rods with polar flagella were initially the most numerous and rapidly increased to more than 90 % $f the total aerobic bacterial population by the fifth day f storage. Table 2 shows the effect of inoculating sterile fish muscle nd sterile muscle press juice with cultures of various | acteria isolated from spoiling fillets. The cultures could e separated into two distinct groups which can be called zonspoilers or spoilers on the basis of their chemical Xctivities. The first four cultures showed no significant ,ncrease in the content of VRS or of TMA in either IMedium; these also had a bland nonspoiled odor at the ampling times. The last six cultures produced definite pnpleasant odors and high levels of VRS and of TMA.
$11 of the samples tested showed abundant growth by )oth direct microscopy and total bacterial counts. Chemipal evidence of spoilage did not increase in the sterile ninoculated controls stored in the same way as the noculated media. Finally, as in the case of the naturally iontaminated substrates, the organisms inoculated into phe sterile diluted press juice grew somewhat slower than fhose on the sterile muscle; the amount of spoilage prodScts produced after 5 days at 5.5 C from sterile sole nuscle was similar to that in sterile press juice after 10 lays. the ready availability of a suitable experimental substrate. In such a medium, the activities of pure and mixed cultures can be studied. The data show that a diluted raw press juice of fish muscle can serve as such a substrate. The patterns of spoilage of the raw fish press juice both by the naturally present flora and by inoculated cultures isolated from spoiling fish were similar to those in fish muscle. The increase in the chemical evidence of spoilage (VRS, TMA) closely followed the increase in the sensory signs of spoilage, particularly the formation of the odors associated with and characteristic of fish fillet spoilage.
DIsCUSSION
Some preliminary data (Table 2) indicate that various members of a bacterial group behave differently on sterile diluted fish juice. Individual organisms of the Achromobacter and Pseudomonas groups can be classed as either "spoilers" or "nonspoilers" on the basis of their chemical activities during growth in the sterile press juice. This differentiation between individual members of a group was similar on both sterile fish muscle and on the sterile press juice prepared from it. While the Achromobacter group is synonymous here with the genus Achromobacter, the Pseudomonas group includes all motile, gram-negative, polarly flagellated, oxidase-positive rods. It may thus contain members of the genera Pseudomonas, Vibrio, and Aeromonas. The distribution of spoilers among the various genera is now being investigated.
Data on the incidence of spoilers during spoilage will be presented in the second paper of the series. It should be mentioned at the outset, however, that in the case of such a complex phenomenon as spoilage one should not rely completely on information obtained with pure cultures of bacteria. Consequently, experiments with mixed cultures will be a necessary part of future work.
